Abstract. The effectiveness of a powdery preparation of a Streplomyces sp. isolate as a seed dressing agent against seed-borne Alternaria brassicicola on different Brassica species was investigated in the study. The preparation was made by freeze-drying and milling the biomass produced in a fermentor into a form suitable for use as a dusting agent.
Introduction
An isolate of Streplomyces sp., obtained from light-coloured, Finnish Sphagnum horticultural peat, has proved to be a potential biological control agent against plant pathogens (Tahvonen 1982 a, 1982 b, Tahvonen and Uon 1983 , Tahvonen 1985 , and especially effective against seed-borne Alternaria on cruciferous plants. A. brassicicola is the most common seed-borne pathogen of Brassica sp. throughout the world (Neergaard 1945) . It is also common and the most serious seed-borne damping-off fungus on cruciferous plants in Finland (Tahvonen 1979) , and is routinely controlled by chemical dusting with thiram (Tahvonen 1985) .
A research programme into the practical application of Streplomyces sp. isolated from peat was started at the beginning of 1985.
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A dry, powdery preparation in which the number of living particles was of the same order of magnitude as in the spore suspensions used in earlier experiments (Tahvonen 1982 b) , was developed by Kemira Co. The dry, powdery preparation was given the commercial name »Mycostop».
The aim of this study was to determine the effectiveness of the powdery Streptomyces preparation as a dressing agent in the control of Alternaria on cruciferous plants. The study was carried out at the Department of Plant Pathology, Agricultural Research Centre, during 1985-86 .
Material and methods
A powdery preparation suitable for use as a seed dressing agent was prepared from a Streptomyces griseoviridis Anderson et al. isolate. Following culture in a fermentor, the cell mass was separated from the culture medium by centrifugation and then freeze-dried. Compounds designed to improve adhesion to the seeds and to maintain the vitality of the dry preparation, were added in connection with drying and milling. The final product contained 10 B-l 8-10 9 living particles/g. Details of the manufacture of the preparation are not given here.
Preliminary and methodological tests were carried out on »Erfurter 291» or »Suuri Tanskalainen» cauliflower seeds, which were artificially infected with A. brassicicola in order to ensure an even degree of infection (Tahvonen 1982 b) . Commercial lots of cruciferous seed with a wide range of natural Alternaha infection (Fig. 4) were obtained from the State Seed Testing Institute and from a number of commercial seed suppliers. Ten lots of cabbage seed, 8 lots of cauliflower, and 9 lots of other Brassica species and their varieties were tested. A number of Chinese cabbage, swede and turnip seed lots were also included, but their results are not presented here because the degree of infection of the seeds was too low from the point of view of the experiment.
The seeds were dressed by carefully shaking them together with the dusting agent in a glass jar. When small lots of seeds were to be treated, a small batch was first dressed in order to ensure that there was a constant amount of the preparation on the wall of the jar. The seeds used in the experiment depicted in Fig. 2 Fig. 5 . The effect of soil type on the effectiveness of the dressing agent was tested using the 6 different substrates listed in Table 2 . In addition, the effectiveness of Streptomyces dressing was tested in 12 non-disinfected peat lots of different origin (Fig. 6 ). Unless otherwise stated in connection with the results or in the tables, the seeds were sown in steam-disinfected light-coloured Sphagnum peat, which was given a basic fertilization of 10 g dolomite limestone/1, and 1.5 g of Peat Super Y fertilizer/l following steam disinfection. The seedlings were raised in 1 1 plastic pots or in 30 X 40 cm plastic boxes. There were three or four replications, each replication consisting of 50 seeds. The seedlings were grown from seed in thermostatically controlled greenhouses at 18-20°C under artificial illumination of 8000 lux. This meant that the lots raised at different times were grown under as exactly the same conditions as possible. In addition to the substrate tests, 4 x 25 naturally infected seeds were sown on water agar in 9 cm petri dishes. The degree of fungal infection of the seedlings was determined under the microscope, as well as the mortality rate, two weeks after the seeds had been sown. The degree of damping-off infection was determined on the seedlings at the end of the substrate experiments using the scale o-2, 0 -2, where 0 = healthy, 1 = slightly infected, 2 = dead or non-viable. In addition, the fresh weight of those seedlings which had developed from naturally infected seed was determined. These results are not presented here because there were no differences in the weights of the healthy seedlings between different dusting treatments, and the dryweight results for the infected seedlings were correlated with the degree of infection.
The infection index, viable seedling % (which includes healthy + slightly infected seedlings as a°Io of the number of seeds sown), and the control effectiveness % (calculated from the formula (A -B):(C -B)x 100, where A is the infection index or vitality of the dressed seedlings, B that of the infected control and C that of the healthy control), are presented in the tables. Where necessary, the statistical significance of the results has been tested using variance analysis.
Results

Control of Alternaria damping-off with the Streptomyces preparation
Dressing the seeds with the Streptomyces preparation controlled artificial infection by seed-borne A. brassicicola. Dressing levels greater than 5 g/kg seed had no effect on the effectiveness of dressing when sowing was done on the same day or within one week after dressing (Table 1, Fig. 2) . A dressing level of 1 g/kg seed resulted in significantly more healthy seedlings than the control, but was however poorer than dressing levels of 5 g/kg or more. Dressing had no effect on the number of healthy seedlings nor the dry weight in the case of healthy, uninfected seed in any of the experiments. The effectiveness of the Streptomyces powder remained unchanged on dressed seed stored for a period of 4-6 weeks. The treatment was still effective on dressed seed stored for as long as 18 weeks, although less effective than after a short storage period ( Figs. 1 and 2 ). Higher dressing levels of 10 and 15 g/kg seed had a better effectiveness after 6 weeks storage than the level of 5 g/kg seed (Fig. 2) .
Dressing naturally infected Brassica sp. seeds with the Streptomyces powder completely controlled damping-off on the peat substrate. The result was fully comparable with that obtained with chemical dressing with thiram. A slight damage was found at the base of seedlings grown from some dressed seed lots. This was insignificant from the point of view of seedling growth, and in fact occurred with both biological and chemical dressing. The effect of dressing on A. brassicicola on seeds grown on the water agar medium also proved to be effective (Fig. 4) . Both 5 g and 10 g of the Streptomyces preparation/kg seed were sufficent to prevent the growth of the pathogen. Almost the same result was obtained with thiram dressing, but the effectiveness of chemical dressing was lost in the case of some seed lots and there was more Alternaria in these petri dishes than in seeds dressed with Streptomyces. The mortality of the seedlings on the agar medium was completely dependent on the Alternaria content.
The effect of pH and the substrate on the effectiveness of the Streptomyces preparation
The acidity of the substrate had no effect on the ability of Streptomyces to control Alternaria damping-off over the pH range 4.8 -8.6 (Fig. 5) . There was more dampingoff on undressed seeds grown on acidic or slightly alkaline substrates than on a neutral substrate. However, the result was not statistically significant.
Streptomyces dressing controlled dampingoff on cauliflower on both the organic and inorganic substrates in a similar fashion to thiram dressing. There was no difference as regards the control of Alternaria between the steam-sterilized and unsterilized substrate (Table 2) .
A. brassicicola caused damping-off to a varying degree on the peat substrate of different origins. Some of the peat lots inhibited Alternaria by 60-70 % compared to the steam-sterilized peat or peat lots susceptible to this pathogen. Streptomyces dressing controlled damping-off in the different peat lots in the same way as chemical dressing with thiram despite the natural antipathogenic properties of the substrate. Dressing resulted in similar numbers of viable seedlings as were obtained when healthy seeds were used (Fig. 6 ).
Discussion
The powdery preparation made from Streptomyces griseoviridis bacteria proved to be highly effective in controlling seed-borne Alternaria brassicicola growing on cruciferous plants. This is in good agreement with the results of earlier experiments in which a spore suspension was used in treating the seeds (Tahvonen 1982 b) . The effectiveness against damping-off was the same on both artificially infected and naturally infected seed. On the basis of this, the results obtained with artificially infected seed can be generalized to cover normal commercial seed. Allernaria fungi (A. brassicae, A. brassicicola, A. raphani) are the most common seedborne pathogens on cruciferous plants (Neergaard 1945) , and are controlled chemically by dressing the seed with dithiocarbamate (Heinze 1974 , Dixon 1981 or iprodione and fempropimorph fungicides (Maude et al. 1984) . In the present experiments biological control of naturally infected seed was equally successful with the Streptomyces preparation, or in some cases even better, than chemical dressing with thiram. The result was the same in both in vitro and in vivo experiments. Since the antagonistic effect of S. griseoviridis against different pathogens is very wide in vitro (Tahvonen 1982 a) , there is no reason to assume that it would behave differently against A. brassicae and A. raphani as against A. brassicicola. The fungi in question are biologically and systematically very close to each other (Neergaard 1949) . On the basis of this, Streptomyces dressing would appear to be effective against all seed-borne Allernaria fungi on cruciferous plants, as is the case with chemical dressing. However, Phoma lingam can act as a seed-bornepathogen of cruciferous plants (Neergaard 1977) , and its susceptibility to this biological control method could not be estimated here. Nowadays, however, the fungus does not have to be controlled since it is of no significance as a seed-borne pathogen in seedling production in Finland (Tahvonen 1979) for which most of the seed material is imported from Sweden, Denmark and Holland. In the experiments carried out here, for instance, none of the 33 seed lots examined was infected by P. lingam. The Streptomyces isolate used in these experiments was strongly antagonistic on agar against all the pathogens tested earlier (Tahvonen 1982 b) . Turhan and Grossmann (1986) reported that their Streptomyces isolates were always antagonistic to a number of pathogens if they were strongly antagonistic towards Rhizoctonia and Alternaria. This would indicate that the dressing method employed here could also be effective against other fungi, such as Fusahum spp., Phoma spp. and Stemphylim spp, which are all significant seed-borne fungi on a number of plants (Neergaard 1977) .
Bacteria proper and Actinomycetes usually thrive best in neutral or slightly alkaline substrates (Baker and Cook 1974) . For this reason, it would be expected that Actinomycetes would be an ineffective biological control agent in acidic substrates such as peat, where the pH at which cultivation normally takes place is in the range 5.5-6.5 (Puusxjärvi 1974 ). In the experiments described in this paper, the Streptomyces sp. isolated from naturally acidic peat was effective against Alternaria over the wide pH range of 4. 8-8.6 . This is a very satisfactory result as regards the practical application of the control method in substrates of varying acidity. However, the question of whether it is a case of Actinomycetes thriving in the favourable conditions of the plants' rhizosphere, or an example of adaptation to different acidity levels in the soil, can only be answered through more detailed investigations. The properties of the substrate, especially pH, moisture content, airspace and the organic matter, have a fundamental effect on the activities of antagonists in the soil (Baker and Cook 1974 (Wu and Lu 1984) .
Other species of Streptomyces have been successfully used on cabbage (Kundu and Nandi 1984) and pea (Rothrock and Gottlieb 1984) in the control of Rhizoctonia dampingoff. In preliminary trials the Streptomyces sp. used here also controlled Rhizoctonia damping-off (Tahvonen 1982 b) . The Streptomyces antagonist clearly has a good potential in commercial applications as an alternative to the chemical dressing of cruciferous plants. The present results suggest that more extensive applications to other plants and pathogens are also possible (Tahvonen and Uoti 1983, Tahvonen 1985) . kaasti. Torjuntatulos oli sama tai parempi kuin kemiallisella tiraami-peittauksella. Kasvualustan happamuudella pH-a1uee11a44.8.6 ei ollut vaikutusta biologisen peittauksen tehoon. Muissa kasvualustoissa, savi, hieta ja multaseos, oli Alternaria-taimipoltteen torjuntatulos sama kuin turpeessa. Tehdyt tutkimukset osoittivat, että kaalikasveilla voidaan kemiallinen peittaus korvata biologisella peittausmenetelmällä, joka ei käytännön toteutukselta kuitenkaan poikkea perinteisistä työtavoista.
